The need for recycling obsolete mobile phones has significantly increased with their rapidly growing worldwide production and distribution. Return and recycling rates are quite low; people tend to keep old, unused phones at home instead of returning them for recycling or further use because of a lack of knowledge and acceptance of return programmes. Thus far, individual use and recycling behavior has not shown any trend towards more sustainable patterns. Consequently, an increased awareness is needed for the high environmental and social impact throughout the whole value chain of a mobile phone-there is simply a lack of information and knowledge regarding sustainability issues around the mobile phone. A teaching material was therefore developed in a German research project, based on the concept of the ecological rucksack, presenting comprehensive information about the value chain of a mobile phone. Its application in different schools led to an increased awareness and interest among pupils for the connection between sustainability, resources and mobile phones. Based on these research results, this paper analyses young people's knowledge of sustainability issues linked to their mobile phones and their acceptance of more sustainable behavioral patterns regarding their mobile, including return and recycling programmes.
Introduction
The mobile phone industry is developing at a fast pace. In 2010, more than one billion mobile phones were produced globally and these numbers are increasing every year. That same year, around 1.6 billion phones were sold, from which 19% were smart phones [1] . In terms of mobile phone contracts, there were approximately 6.4 billion contracts all around the world last year, and in Europe, there were 123.3 contracts per 100 inhabitants [2] . In recent years, this trend has been highly supported by the booming smart phone industry; conventional mobile phones are replaced by smart phones even though they might have been used only for a relatively short period of time.
In Germany, the industry sold around 29 million mobile phones in 2011 [3] . Again, smart phones are gaining importance in mobile phone sales; from 13 million smart phone users in 2010 to 20 million in 2011. Especially young adolescents are using mobile phones in their daily routines; in 2010 more than 97% of all Germans between 12 and 19 years old owned a mobile phone-a massive increase from only 8% in 1998 [4] . Within this group, 14% owned a smart phone.
Such highly developed and disseminated mobile communication systems entail a lot of (personal) advantages for people's daily life, such as new ways of participation and information everywhere possibly leading to a higher quality of life and flexibility. However, they come with substantial environmental and social problems all along the value chain, from resource extraction to production, use and disposal. This dynamic development of the mobile phone industry is linked to a rapidly increasing use of natural resources and energy. Mobile phones are made of a large number of different substances, almost 28% of a mobile phone is made of metals-some of them are "technology metals", which are essential for future technologies such as electronic cars or the solar industry. They include platinum group metals, palladium, tantalum, indium, lithium, silver, and gold [5] .
Some of these metals can be recycled with today's highly sophisticated technologies; however, only a small number of mobile phones (and other ICT-products) are being recycled so far. In 2008, Nokia conducted a worldwide consumer survey, which showed that only 3% of all mobile phone users return their old, unused phones to a recycling point. Half of them said this is because they do not know any places they can return them [6] .
Overall, there seems to be no public discussion about sustainability issues underlying the mobile phone industry. Without being openly discussed, these problems cannot become part of a general understanding of the connection between sustainability and mobile phones leading to more sustainable practices and behavioral patterns in this area, including recycling practices. Therefore, the following research question is set here for this article:
How can the acceptance of mobile phone return programmes be increased and a more sustainable use of mobile phones be facilitated by using the concept of the "ecological rucksack"? This paper addresses the concept of the "ecological rucksack" applied on mobile phones (Section 2) in order to show the environmental and social problems along the value chain of a mobile phone. Following this, the paper briefly discusses some of the core results from quantitative (survey) and qualitative (World Cafés) studies showing the lack of understanding and awareness of sustainability issues of mobile phones among young adolescents (Section 3). Here, the behavioral model of Matthies [7] is used for analyzing the problem of lack of awareness as barrier for a sustainable use of mobile phones. Based on that, the ecological rucksack is discussed as a communication tool for increasing problem awareness and, thus, facilitating sustainable use and recycling habits of mobile phones (Section 4).
This article is based on a research project that is currently conducted at the Wuppertal Institute for Climate, Environment and Energy in collaboration with the Institute for Advanced Sustainability Studies (IASS), Potsdam (see Box 1).
Box 1.
Overview of research project. In Germany, approximately 83-85 million mobile phones are stored in private households although they are no longer used. Taking into account the relatively low participation of mobile phone users in recycling programmes, research in this area can have a high political, economic and social importance.
Research and Communication
Therefore, this research projects aims to increase the understanding of consumer behaviour in the context of sustainability focussing on individual recycling behaviour. Furthermore, economic potentials are investigated that could result from a regulated return of mobile phones.
Based on this, recommendations are developed for different stakeholders in the value chain. Additionally, a comprehensive communication campaign "Die Rohstoff-Expedition." Entdecke, was in (d)einem Handy steckt!"/The Resource Expedition-explore the content of your mobile phone!" [8] for mobile phone recycling was prepared and supervised, extending the scope of previous approaches. In this context, a number of educational and communication materials were developed based on the concept of the ecological rucksack. The campaign, including its teaching material, aims at informing individuals about the resource intensity of mobile phones and preventing them from disposing of their old phones in household waste. In the long run, the campaign tries to encourage consumers to act more sustainably when using not only their mobile phones but also other electronic devices in their daily life. The target group of the project and the campaign are children and (young) adolescents at the age of 9-18 years.
Core research questions are:
• What are the possibilities and potentials for a regular mobile phone return and recycling programme?
• What can a more sustainable value chain of mobile phones look like and to what extend will scarce resources promote a (sustainable) transition in the future?
• How can current consumer behaviour be characterized?
• What are the main barriers for a regulated return of mobile phones, preventing previous recycling campaigns from being successful?
• Are programmes for return and recycling of mobile phones a sustainable option in general?
See Figure 4 in Section 3.1 for the research design. Client/sponsor: German Federal Ministry for Education and Research (BMBF).
Visualizing Environmental Impacts in the Value Chain by Using the Ecological Rucksack
In order to analyze consumer behavior for sustainable use and disposal of mobile phones, a lifecycle-wide assessment is needed (see Figure 1) . Such a lifecycle-wide perspective can be used to assess all environmental impacts of a product as well as the amount of (natural) resources used to produce the respective product. This perspective is important because a consumer cannot see these aspects in a product when buying and using it; therefore, education and information regarding these invisible resources behind a product can lead to an increased awareness and can ultimately influence consumption patterns.
The total resource use of a product along all lifecycle phases can be presented as an "ecological rucksack" of a product. This scientific concept summarizes all resources that were used for each lifecycle phase of a product-from resource extraction up to disposal-and quantifies the complete resource use of the respective product [9] [10] [11] [12] . These resources are measured using the MIPS concept (Material Input per Service Unit) in five natural resource categories: abiotic materials (metallic and non-metallic minerals such as ores, rocks, sand etc. in addition to fossil energy carriers such as coal, mineral oil, natural gas), biotic materials, soil (including erosion and earth movement), water, and air. Whenever a product, e.g., a mobile phone, is bought, the consumer also buys its ecological rucksack, often without knowing it. The mobile phone itself does not show its ecological rucksack; therefore, a consumer cannot see or assess all natural resources that were used along the product's value chain [13, 14] . This ecological rucksack is, however, very heavy for most products and outweighs the actual product by far. Figure 2 shows the ecological rucksack of a mobile phone, including only abiotic and biotic materials, based on existing data for a standard mobile phone (no smart phones). In this figure, the weight of the product itself (80 g) is contrasted with the weight of its ecological rucksack (44.42 kg)-the latter weights more than 550 times more than the actual product (the Material Input calculation of the rucksack excludes the weight of the product itself). The weight of the ecological rucksack accounts for the turnover of primary resources extracted from nature and does not refer to a static amount of materials (see Figure 2 ). Figure 2 clearly shows that the first phase (resource extraction) of the lifecycle has the highest resource use, even though some of the metals are calculated as secondary resources (recycled metals). Second comes the use phase; here, the electricity use of a mobile phone is important and accounts for almost one quarter of the total ecological rucksack. Third comes the production phase with a total of 6 kg, followed by the end-of-life phase with only 0.1 kg of resources used.
All four phases are described in more detail in the following paragraphs, explaining some of the environmental and social problems in each phase. Figure 2 . Ecological rucksack of a mobile phone, divided into all four lifecycle phases [15] (p. 37).
Resource Extraction
Mobile phones contain a number of different metals, such as ruthenium, silver, cobalt, bismuth, tantalum, and indium. Many of these metals are also used for other technologies, e.g., indium is needed for photovoltaic appliances; palladium and lithium are used in the automotive industry for hybrid and electronic cars. This leads to some sort of competition for using these metals between different industries.
These metals and other resources used for the production of a mobile phone are extracted and produced all around the world. The working conditions vary from country to country; especially in developing countries, the extraction of ores comes with severe social and environmental problems. While industrial mining is dominant for many metals, some metals such as gold, tantalum and tin are still extracted by hand, mainly in Central Africa and Asia. This is done under difficult conditions, the workers earn very low wages and have no social security [16] , the work is dangerous without any security standards in place, and there are toxic chemicals used for extracting the metals from the ore [17] . Another problem is child labor, which is quite common in the mining industry [16, [18] [19] [20] [21] . Apart from these social problems, there are environmental issues due to a lack of environmental specifications and standards. They cause a pollution of air, water and ground, which leads to scarce fresh water supplies, limited agricultural land and chronic diseases among the local communities [22, 23] .
Production
Five large companies-Samsung, Apple, Nokia, ZTE and LG Electronics-who possess around 57% (in 2012) of the market share, dominate the mobile phone market [24] . All five of them have distributed their production sites all around the globe; their mobile phones and components such as chips, batteries, display and cases are produced mainly in developing countries in Asia. Every second mobile phone produced today comes from China [25] , especially from the Pearl River Delta Guangdong, which has turned into a large centre for the production of electronics. Apart from that, production for the mobile phone industry takes place in Taiwan, South Korea, Hong Kong, Indonesia, and the Philippines [26] .
These countries have been chosen for the companies' production sites due to their low wages and standards; this, however, leads to many social and legal but also environmental problems in the production processes of mobile phones.
Use
Mobile phones are not only a commodity item but they have turned into an everyday companion for many people. Communication is the most important function of these items; however, it is no longer focused on phoning and short message services but these basic functions have been complemented by internet use and email, music, camera, navigation and many more. The user gets the feeling of a world without barriers, being connected to friends and family wherever they are. Therefore, the mobile phone has become an integral part of people's social life [27] .
This leads to a strongly intensifying use phase of mobiles and increasing data flow; a trend, which is accelerated by the smart phone market. During this phase, energy consumption is one of the most important environmental pressures. This includes not only the direct energy consumption of the mobile itself but also the indirect energy consumption of the mobile communications network (fixed part, antennas, switching centers, line systems, etc.). All in all, the use phase of a mobile phone has an ecological rucksack of approximately 9.8 kg of resources mainly due to its energy consumption [15] . Calculations are based on the amount of kWh consumed, which are converted into natural resources used for providing this amount of energy (using material input indicators and based on an average energy mix).
From a sustainability perspective, an important aspect is the useful life of a mobile phone-in other words, how often a new one is bought. In many cases, a mobile phone is thrown or stowed away even though it is still useful and not necessarily broken. Therefore, a second (or third) life as used mobile phone is quite important in order to extend its useful life and safe natural resources. This can be supported by repair services or embellishments, either of the complete mobile or single components of it.
The following figure shows different ways of using and disposing of a mobile phone (see Figure 3 ). Only few mobile phones are professionally recycled at the end of the lifecycle. According to estimations, this only applies to around 2%-3% globally [28] . There are no reliable numbers on how many mobile phones actually end up in normal household waste, and estimations vary between 4%-21% (e.g., [28] ). However, even small amounts imply a loss of resources. 
Disposal
The last phase of the lifecycle refers to the disposal of a mobile phone. This includes recycling, a process to re-extract the resources contained in the phone, mainly metals, and to prevent harmful substances from ending up in normal household waste. The recycled materials are called secondary resources, in contrast to primary resources, which are extracted, for example, from mines directly. If disposed of in normal household waste, these secondary resources are lost and can no longer be used for other purposes.
The disposal and recycling of mobile phones causes some severe problems of both environmental and social nature. In Germany or Europe, unused phones can be recycled, remanufactured or directly sold for second-hand use. Quite often, however, they are shipped to Asia or Africa for further use, because the market for second-hand use of mobile phones is relatively small in Europe. The major part of global electronic waste goes to Hong Kong and China, followed by Western Africa, particularly Ghana and Nigeria, though many of these exports are illegal [25, 32, 33] . The problem is that the recycling logistics in these countries are by far not as sophisticated as in Europe and many phones are recycled in illegal backyard workshops leading to severe environmental and social problems. People in these backyard workshops do not possess advanced recycling machinery and knowhow; they mainly burn the electronic waste without any protective clothing or filtering system in order to extract copper; another method consists of acid bathing for extracting (precious) metals [33] [34] [35] [36] [37] . This releases numerous toxic materials such as heavy metals, dioxins and furans, which pose severe danger to the health of the recyclers, their families and other people living in the area. Additionally, these recycling techniques are by far not as efficient as professional recycling, leading to a substantial loss of metals and other materials.
Therefore, professional recycling of mobile phones can lessen the environmental, social and political issues linked to primary resource extraction but also prevent environmental and health problems in developing countries that occur due to backyard recycling.
In Germany, there are approximately 83-85 million unused mobile phones [38] . Together, they contain a large amount of valuable resources, e.g., 745 t of copper, 325 t of cobalt, 22 t of silver, 2 t of gold, and 0.7 t of palladium. Compared to primary resource extraction, the density of, for instance, gold is much higher in mobile phones-one ton of gold ore contains as much gold as 40 mobile phones [39] .
Many of these materials are bound to supply and price fluctuations due to a competition for using these metals between different industries. Furthermore, their extraction and processing has a high environmental and social impact and some of them cause dangerous social or political tensions, e.g., the so-called conflict mineral tantalum. A professional recycling of these resources is, thus, a prerequisite for sustainable development.
Against this background, a sustainable organization of the whole value chain is needed, including (but not limited to) a professional end-of-life management (recycling). It should be focused on sustainable production and more sustainable behavioral patterns regarding mobile phones because recycling can help closing and reducing cycles of materials but is not enough for a sustainable organization of the whole lifecycle of a mobile phone. There will be no substantial reduction of environmental impacts due to an efficient use or resources and professional recycling, as long as the production of mobile phones increases at such a rapid speed as can be seen today. This leads to an increasing energy and resource use, which levels the positive effect of recycling. Thus, recycling is only part of the solution and there is a need for fostering more sustainable consumption patterns regarding mobile phones (and other ICT-products) because the average life of a mobile phone is much shorter than its possible (technical) lifetime. This leads to approximately 5000 t of electronic waste each year-most of it does not get back into global material cycles [40, 41] . Therefore, a sustainable use of mobile phones needs to be strengthened by creating problem awareness for sustainability issues linked to mobile phones.
Methodology and Results

Methods
Thus far, there are no studies on mobile phone usage behavior of young people with a particular focus on not regularly used or broken mobile phones. Therefore, this study had an explorative character. By using interdisciplinary approaches and mixed methods [42] [43] [44] , the issue of young people's behavioral patterns concerning mobile phones was approached carefully. Such a mixed methods approach ensures a more comprehensive and complete picture of the subject of study [42] . While being a mainly qualitative study, it included quantitative data as well using semi-standardized questionnaires. The goal was to receive detailed information about mobile phone use and recycling behavior of the target group (young people between 9 and 18 years). A further specification of the target group concerning demographic characteristics apart from age (such as gender, school type, etc.) was not provided within the project context (see Box 1 in Section 1).
The aim of this project was to conduct an interpretive, explorative study to explore and understand mobile phone usage behavior in general. In addition, there are statements about the willingness of young people to recycle mobiles and the connection between sustainability knowledge and mobile phones. More detailed results and causal conclusions were not the aim of this project and therefore remain subject for further studies.
Following the main goal of the project, three methodological approaches were combined. This "triangulation of methods" enables the researcher to connect data from quantitative (surveys) and qualitative (World Café and interviews in households from different social milieus) research in order to balance different methods and their weaknesses as well as compare and evaluate the results at the same time [45] . In addition to that, it shows identical and different perspectives on specific issues, which can be incorporated in further studies. The surveys followed the two leading research questions: What are the main motivating factors and barriers for recycling of mobile phones by kids and young people? How can the acceptance of mobile phone return programmes be increased and a more sustainable use of mobile phones facilitated by using the concept of the "ecological rucksack"? Following these two research questions, the three main topics analyzed by the mixed method design referred to consumer behavior, knowledge about the resource problem, and recycling behavior. For this article, however, only the second research question is highlighted (the first one was part of the research project, but will not be focused on in this article).
In a first step, a research paper on the "analysis of consumer behavior" was written in order to analyze consumer behavior on the basis of existing literature and the evaluation of selected mobile phone recycling campaigns. The analysis answered the following research questions: (1) what are the main barriers and motivating factors influencing recycling behavior of mobile phones? And (2) what are the key success factors for mobile phone recycling campaigns?
In addition to the research paper, a semi-structured interview was conducted. The sample frame comprised 717 pupils from ten high schools in North Rhine-Westphalia (Germany). Most questions were set as closed questions, some with open answers, and three open-ended questions. The design of the questionnaire was part of a discursive process, which incorporated all project partners. The questionnaire was clustered according to four thematic areas within the following specific sub-topics:
• Mobile phone ownership and use; e.g., meaning, time of usage, number of old mobiles, recycling, and storage (barriers and motivating factors);
• Mobile phones and sustainability; e.g., material/resources in a mobile phone, and individual perception of the connection between resource use of mobile phones (ecological rucksack) and sustainability;
• Your idea (collection of ideas, which can motivate young people to return old, unused mobiles).
After a pre-test, the questionnaire was revised according to the feedback from the pre-test. The final version was used for the survey, which was conducted by teachers in the selected schools in North Rhine-Westphalia. It needs to be mentioned that this survey was not a representative study as it was not tested whether the data structure of the participating pupils fits with the structural data of schools and pupils in North Rhine-Westphalia.
A total of 717 pupils at the age of 9-18 years participated in the survey; all respondents were included in the evaluation. The data recording was conducted by external (project) partners counting all returned questionnaires. Figure 4 shows a graphical overview of the research design including all applied methods as described in the previous and following paragraphs. In addition to the survey in schools, a number of qualitative interviews were conducted in selected families in order to gather greater in-depth information about the use and return of old mobile phones by young people in the context of their individual budget and family setting. The methodological approach for these family interviews included problem-focused interviews [46, 47] . The selected families represented four different social milieus outlined on the basis of the social milieus approach developed by the German Sociovisions Institute [48] . The social milieus approach analyses people's social status and values orientation and outlines social groups whose lifestyles are similar. For the purpose of this project the representative families from four social milieus were chosen: well-established upper class; socially/environmentally oriented; middle class; lower class (three family interviews per milieu) [48] .
A total of three interviews were conducted per family. Each set of interviews consisted of:
• A 40-45 min problem-centered interview with the teenager, without a parent (here, the teenager was from 14 to 19 years old); focused on ICT, communications, mobile phones and mobile phone return and associated emotions;
• A 20-25 min problem-centered individual interview with a parent; focused on everyday recycling practices in the family, sustainability awareness and education about sustainability;
• A 20-25 min conversation with a youth and the parent together focusing on parent-child interaction (possibly with some elements of participant observation); focused on communication within the family, ideas for the use of old mobile phones.
The interview data were collected based on detailed minutes (i.e., detailed protocols not complete transcripts) of each interview. These minutes were later synthesized in an interview report.
Based on the results of the previous questionnaire survey and the qualitative family interviews, four "World Cafés" [49, 50] were conducted with school classes from different German cities (Wolfsburg, Berlin, Potsdam and Wuppertal). The goal was to challenge and/or support previous results, by taking advantage of the methodological benefits of the World Café. The openness of the World Café allowed to take up more aspects in the discussion, which might have been ignored in the surveys before, and qualify previous results. Furthermore, the World Café can be modified to meet a wide variety of needs. Specifics of context, numbers, purpose, location, and other circumstances are factored into each event's unique invitation, design, and question choice, based on the following five components of the basic model: (1) Setting: Create a "special" environment, most often modeled after a café, i.e., small round tables; (2) Welcome and Introduction; (3) Small Group Rounds: The process begins with the first of three or more twenty-minute rounds of conversation for the small group seated around a table. At the end of the twenty minutes, each member of the group moves to a different new table. They may or may not choose to leave one person as the "table host" for the next round, who welcomes the next group and briefly fills them in on what happened in the previous round; (4) Questions: each round is prefaced with a question designed for the specific context and desired purpose of the session. The same questions can be used for more than one round, or they can be built upon each other to focus the conversation or guide its direction; (5) Harvest: After the small groups (and/or in between rounds, as desired) individuals are invited to share insights or other results from their conversations with the rest of the large group. [49] Similar to the survey and the family interviews, the World Café included three main topics: use of mobile phones, production, recycling. The classes were divided into three groups, rotating between the three tables and discussing one of the three topics in each group. This method allows for a multi-layered discussion and can reveal the emotional background of statements and assumptions due to its open format and intensive communication. The results of the four World Cafés were collected based on flip charts, posters and detailed minutes from each of the three tables.
Results
In line with the research design (see Figure 4 Section 3.1), the project results are presented in a three-stage process: first, the school surveys were analyzed, evaluated and synthesized in a paper. This synthesis gave some initial information on current trends and main statements. Following this, interviews with families and World Cafes provided a deeper understanding of these first impressions, revealing more details and confirming the previous key statements. In the final phase of the project, all results were critically discussed with experts from research, politics and business during a conference. This conference had two core workshops dealing with recycling and raw materials in mobile phones (workshop 1) and with education and communication measures for a sustainable use of mobile phones (workshop 2). All involved partners from politics (Federal Ministry for Education and Research, Federal Ministry for the Environment, Nature Conservation and Nuclear Safety), business and industry (Deutsche Telekom, Vodafone, E-Plus, Telefonica, Teqport, Vere, Take-e-way, Electrocycling) and science (Wuppertal Institute, IASS Potsdam, Leuphana University) agreed on the need of installing such a project in a long-term and holistic perspective in order to facilitate a change in awareness and behavior among the target group. One of the key success factors identified here was the close cooperation between research and practical application; therefore, a network between all partners was discussed at the conference.
All key project results are presented in the following paragraphs; divided into the life cycle stages of production, use and recycling in line with the introduction section.
Production
Overall, the knowledge of the production of mobile phones, the use of resources and associated environmental and social problems among young people is very fragmentary. The school surveys identified large differences between the pupils in terms of their knowledge of resources included in a mobile; gold was named most often (45%) as being part of a mobile phone, followed by copper (29%) and silver (17%). Only in some cases did pupils possess a detailed knowledge of the metals' countries of origin and working conditions under which these metals are extracted. They named child labour, discrimination and dangerous working conditions with insufficient security standards. In addition to that, they brought up the issue of an unequal distribution of natural resources and profit from these resources on a global scale. In contrast to this existing knowledge of social problems along the value chain, the pupils had difficulties to connect their mobile phone with environmental problems. They were aware of environmental problems only in the first phase, resource extraction, due to toxic substances used for extracting the metal from the ore. Apart from that, the teenagers had very limited knowledge about environmental problems along the value chain of a mobile phone. They did not see any or at least only a very limited connection between the usage of a mobile phone and sustainability issues. The question concerning this link was answered only by a small number of the respondents and most of them that answered this question said, "I don't know." The idea that mobile phones pollute the environment came up in very little questionnaires; if so, it was connected to the increasing amount of new mobile phones produced every year, problems of disposal, or the finite nature of (some) natural resources. Furthermore, the product life of mobile phones was mentioned as a problem; a longer use of a mobile phone is more sustainable than replacing it after a few months. One of the comments here was "I think my way of using a mobile phone is comparatively sustainable because I use it as long as it cannot be repaired any more."
The family interviews showed that the topics concerning resource use of a mobile phone and its "ecological rucksack" are of great interest. The relationship between sustainability and mobile phone production was more easily comprehensible for the interviewees than issues on resource conservation and recycling-which raw materials-related to environmental protection and conservation, information about delivery and recycling/collection points for old mobiles. The latter issues needed more explanation from the interviewer.
Use
The project confirmed that mobile phones have become an everyday item for children and teenagers and are not only used for basic communication but also for personal information, entertainment and personal data storage. Mobile phones are becoming more and more a prestige object for this target group [51] . Next to its communication and information function, an emotional level is added to a mobile phone, which is increasingly perceived as a personal accessory-it is almost indispensable for many pupils and this is very unlikely to change in the future.
The analysis of the questionnaires shows that it is very important (41.3%) or important (37.1%) to own a mobile phone for the majority of the interviewed pupils (see Figure 5 ). Only 13.9% said it is less important and 4.5% said it is unimportant. These numbers emphasize the importance of owning a mobile phone among the target group. Quotes from the household interviews like "the mobile phone is like a (body) part of me" shows that the phone is much more an expression of personal style than being "only" an everyday commodity. Like many other accessories mobile phones also document the personal development and history. The emotional component is one of the important factors that influence user behavior. This represents an additional barrier to returning phones-even if they are old and no longer in use. More than half of the respondents (58%) indicated that they own more mobile phones than they actually use. Approximately one third of them own two mobiles in addition to the one they are actually using; 11.9% own three, and 16.6% own more than three unused mobiles. 414 respondents declared to own at least one mobile phone that is not used on a regular basis (any more). However, 446 respondents answered the question about the number of unused mobile phones. Thus, there is a slight variation in the answers given to these two questions; still, some interpretations can be made by trend. (see Figure 6) .
The family interviews and World Cafés underlined the point that the topic of sustainable use of mobile phones (e.g., long-term use instead of buying new models or energy saving) has hardly any relevance for the target group of the project (or their parents). They neither get enough information about the importance of this topic in the context of a global resource problem when buying a new mobile phone nor in school and in the media. There is no discernible public discourse on this issue. This, obviously, also has consequences for their recycling behavior. Figure 6 . Number of phones that are not used on a regular basis (in %, n = 446).
Recycling
The project results confirm that recycling is not a relevant issue for most of the children and teenagers. Although many of them own one or several mobile phones (see figure above), they do not care about recycling. They do, however, act in a sustainable way even without knowing it because in most cases, the teenagers pass their old mobile phone on to other members of their family (approximately 59%), thus extending the mobile phones life cycle. A large number of the respondents keep it in case their currently used mobile phone gets lost, stolen, broken, etc. (approximately 48%); some of them said they will sell their old mobile phone (24%) or give it to friends (7%). Recycling is not an option for most of the interviewed pupils, especially if it is still working. This is partially due to a lack of knowledge of places where they can bring their old phones, and because they do not want to give their mobile to any large cooperation without any financial incentive. Only a small number of respondents had heard about the return programmes of the Deutsche Telekom AG or Vodafone, while other companies with similar programmes were not mentioned at all (see Table 1 ).
Interestingly, more than half of the respondents (55%) do not only keep their old mobile phones that are still working but also their broken ones that are no longer working. Approximately 12% of them dispose of their broken mobile phone in their normal household waste; 11% return their broken mobile to a shop when buying a new one and 10% give it to someone, who does some handicraft work with the old phone. Around 9% of the pupils bring their old mobile phone to a collection box. The questions about their use of old mobile phones (still working and broken) were answered hypothetically as well as based on real experiences/actions (see Table 2 ).
As indicated above (Section 2.3), the everyday relevance of the problems of using mobile phones in the context of sustainability is very low, which is also reflected by the behavior of young people.
The aspect of "knowledge" is an important driver for recycling behavior. The actor must know exactly how and where he/she can return the old phone. If this knowledge is available (e.g., instructions have clearly been communicated in an information campaign), it increases the probability of recycling. Additionally, the associated personal costs need to be low in order to facilitate sustainable behavior. These costs are not only monetary costs but apply to time, freedom, comfort, pleasure, status, or loss of habit. High personal costs for recycling may arise when the infrastructure for returning old mobiles is complicated or not congruent with individual habits and routines. Another barrier of mobile phone recycling is the mistrust due to non-transparent recycling processes as discussed in the World Cafés and family interviews. The young people are afraid that others could enrich one's own mobile phone or misuse personal data. Therefore, they prefer to keep their old mobile phone. In addition, they named the problem of illegal dumps and "backyard recycling" in developing countries when talking about recycling. The way of recycling old mobile phones seems to be difficult and incomprehensible for the respondents.
An important motivating factor for the return of mobile phones is the idea of economic incentives. The analysis of the survey data revealed that an incentive system that relies on the direct material compensation of users motivates more people to recycle their old phone. Coincidentally, the respondents mostly quoted money or other benefits (free minutes, discounted new phone) to return the phone.
In addition, a number of the respondents expressed the need for informational campaigns and educational material. In this context, the approach of the "ecological rucksack" gains in importance as an instrument of environmental and social issues along the value chain of a mobile phone.
The results of the school survey, family interviews and World Cafés confirmed that the knowledge of mobile phone recycling infrastructures is very low. Even if some of the teenagers already heard of mobile collections or has participated in some of them, there are usually actions that have occurred only sporadically without changing daily routines in peoples' recycling behavior. This lack of knowledge about mobile phone recycling infrastructure was one of the key aspects in dealing with this topic.
Discussion: The Ecological Rucksack as Communication and Education Measure for Sustainable Mobile Telephony
In order to foster motivation and awareness for a sustainable use and recycling of mobile phones it is important to communicate knowledge about the resource consumption of these products along their value chain, including social and environmental problems associated with such extensive resource use. The results of the project "return and use of old mobile phones" show that there is hardly any knowledge about these issues among the target group.
However, the data from family interviews and World Cafés revealed an increasing interest in the issues of resource use of mobile phones and sustainability as soon as the interviewed pupils were confronted with more detailed information about the value chain and related problems in the context of sustainability. This underlines the assumption that at least some mobile phone users can be motivated towards a more sustainable use and professional disposal by providing them with detailed and specific information on sustainability issues underlying the use of mobile phones.
The respondents' ideas for increasing knowledge and awareness for these issues were mainly based on information and (formal and informal) education. Here, some of them asked for a more active role from scientific organizations and research institutions in providing the respective information.
In this context, the concept of the ecological rucksack is quite suitable for presenting and communicating knowledge about the resource consumption of mobile phones (and other ICT-products) in an easy, comprehensible and transparent manner in order to sensitize the target group for underlying sustainability issues.
This was done by the development of a set of teaching materials for the campaign "Die Rohstoff-Expedition"/"The Resource Expedition" (see additional "communication project" in Figure 4 in Section 3.1), which was accompanied by the aforementioned project on the return and use of mobile phones. These teaching materials were developed along the value chain of mobile phones, based on the concept of the ecological rucksack. The didactical framework was the method of "open didactical exploration" (Offene didaktische Erschließung, ODE), a method for providing pupils or students with the ability for creative thinking and exploring complex problems as well as developing competencies for interpretation and analysis based on social norms and values [52] .
Apart from its application in teaching and learning materials, the concept of the ecological rucksack shows great potential for an environmental impact assessment of ICT-products as a basis for developing an eco-label for this product group. Today, there is very little information on sustainability issues of mobile phones available for the public; thus, consumers can hardly find any information on the environmental impact of their mobile. There is a trend among mobile phone producers and traders for labeling their phones with self-created labels, which are quite limited in scope and depth and do not provide the consumer with reliable and comprehensible information about the environmental impact of the product. They are rather used to ease a bad conscience that might come up when buying new mobile phones in a short period of time-it is used to provide the consumer with a "feel-good, doing-good" experience. Thus, in most cases, it is a marketing and advertising instrument. Therefore, a transparent presentation of the ecological rucksack of the mobile phone would provide the consumer with clear and comprehensible information on the respective product.
An important barrier for using the ecological rucksack is, however, a limited database. In order to calculate the rucksack, detailed information on the product is needed, including production processes and resources used for the different components. The producers keep such information strictly confidential, and sometimes they might not even be able to pinpoint every single process, factory or material due to the highly complex value chain with a large number of third parties involved. Therefore, a transparent presentation of this information is needed in order to calculate the ecological rucksack and prepare them for the specific target group-a challenging task for the industry, science and politics.
Conclusions
The project results underline the fact that the issue of sustainable use of mobile phones, including recycling, is of no particular relevance to the target group. The young adolescents are much more interested in new models of mobile phones, with the apps and gadgets that come with every new model; it is much less important what happens to their old phone.
This might be due to the fact that there is no noticeable public discussion about sustainable use and recycling of mobile phones; therefore, they are rarely confronted with these problems. They therefore do not receive adequate information from the media, school, or at home that creates an awareness of this issue. Additionally, there is insufficient communication about return and recycling possibilities, and obvious and easily accessible recycling infrastructures as well as (financial) incentives for recycling are still missing.
Overall, this article demonstrates the high relevance of concepts, such as the ecological rucksack, which can be used for practical application and communication of (often difficult) scientific issues. They show the responsibility of science not only for research but also for applied knowledge transfer, taking the ecological rucksack as an excellent example. Furthermore, such concepts can help to start a public and political debate about difficult or inconvenient topics.
To gather more detailed knowledge about the target group's use and recycling behavior and to foster awareness of a sustainable use of mobile phones, comprehensive and targeted communication and education measures are necessary to ensure a thorough understanding of the problem. The target group needs to be able to link their own everyday actions and personal consumption choices with sustainability issues. Therefore, selected communication channels, which are frequently used by teenagers, should be used and internet media such as social networks (Facebook, Twitter) should be involved more often. In addition, the project results show that only knowledge campaigns through different media may not be enough-rather direct communication and confrontation within the peer group is required.
